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Build A Transistor In Relation Ta A Top Portion Of A Semiconducior
Wafer Comprising A Subsirate, Where The Building includes
Constructing A Gate Of The Transistor, Forming Source And Drain b 10
Regions Of The Transistor, And Annealing The Source And Drain
Regions Of The Transistor
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After The Gate Is Constructed But Before The Insuiator Is Formed,
Implant An Etch Stop Dopant In The Top Portion Of The Semiconductor - 14
Wafer To Form An Eich Stop Region Below The Transistor
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On A Portion Of A Semiconducior Water Including A Substrate, Build A
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L 8

Source Region, And A Drain Region, Whera The Gate Gf The Transistor
Is Formed On A Surface Of The Portion Of The Semiconducior Wafer
And The Source And Dirain Regions OF The Transistor Are Formed In
The Portion Of The Semiconductor Wafer

A A

implant An Eich Stop Dopant Through The Gate Of The Transisior And
The Surface Of The Porlion Of The Semiconductor Wafer To Form An
- 82

Etch Stop Region In The Portion Of The Semiconducter Wafer Below
The Transistor, Where The Gale Masks The Implanting To Produce A
Beeper Implant In The Source And Drain Regions Of The Transistor
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¥
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Structure
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ETCH STOP REGION BASED FABRICATION
OF BONDED SEMICONDUCTOR
STRUCTURES

BACKGROUND

Silicon-on-insulator (SOI) device fabrication technolo-
gies use SOI wafers to fabricate a wide variety of different
high-performance and low-power semiconductor devices
and circuits. An SOI wafer typically has an electrically
insulating buried oxide (BOX) layer between a top portion
that includes a thin layer of silicon in which transistors and
other active devices are formed and a bottom bulk silicon
wafer. In some examples, all of the active device and
integrated circuit processing is performed on the SOI wafer.
As aresult of the electrical isolation between the thin silicon
layer and the bulk silicon wafer, these active devices tend to
operate with higher performance and lower power than
comparable devices that are fabricated directly on bulk
silicon wafers. In other examples, a layer transfer process is
used to transfer a top active device portion of an SOI wafer
to a handle wafer. In this process, the top portion of the SOI
wafer is bonded to the handle wafer, and the bulk substrate
and BOX layer of the SOI wafer are removed. In some
examples, the handle wafer includes one or more trap rich
layers between the active device layer and the bulk substrate
of the handle wafer to inhibit parasitic surface conduction
and enhance the RF performance of one or more devices on
the handle wafer as described in, e.g., U.S. Pat. No. 8,466,
036.

Although SOI wafer based device fabrication technolo-
gies offer many benefits, the high cost of SOI wafers, as
compared to bulk semiconductor wafers, limits the use of
these fabrication methods to only a small sub-set of the
possible semiconductor device markets.

SUMMARY

In some examples, a transistor is built in relation to a top
portion of a semiconductor wafer that includes a substrate.
In this process, a gate of the transistor is constructed, source
and drain regions of the transistor are formed, and the source
and drain regions of the transistor are annealed. After the
gate is constructed but before an insulator is formed on the
transistor, an etch stop dopant is implanted in the top portion
of the semiconductor wafer to form an etch stop region
below the transistor. The insulator is formed on the transis-
tor. After the insulator is formed, a top surface of a handle
wafer is bonded to the semiconductor wafer. After the
bonding, a bottom substrate portion of the semiconductor
wafer is removed. In this process, the bottom substrate
portion of the semiconductor wafer is etched to the etch stop
region.

In some examples, a fabricated structure is built on a
portion of a semiconductor wafer that includes a substrate.
The fabricated structure includes a transistor that has a gate,
a source region, and a drain region. The gate of the transistor
is formed on a surface of the portion of the semiconductor
wafer and the source and drain regions of the transistor are
formed in the portion of the semiconductor wafer. An etch
stop dopant is implanted through the gate of the transistor
and the surface of the portion of the semiconductor wafer to
form an etch stop region in the portion of the semiconductor
wafer below the transistor. In this process, the gate masks the
implanting to produce a deeper implant in the source and
drain regions of the transistor than in a channel region of the
transistor. After the implanting, an insulator is formed on the
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transistor. After the insulator is formed, a handle wafer is
bonded to the fabricated structure. After the bonding, a
bottom substrate portion of the semiconductor wafer is
removed. In this process, the bottom substrate portion of the
semiconductor wafer is etched to the etch stop region.

In some examples, a semiconductor structure includes a
portion of a semiconductor wafer that has a planar surface
and an opposing surface that has a peripheral planar region
surrounding a depression, where the portion of the semi-
conductor wafer between the planar surface and the periph-
eral planar region of the opposing surface is thicker than the
portion of the semiconductor wafer between the planar
surface and the depression. The semiconductor structure
also includes a fabricated structure on the planar surface of
the portion of the semiconductor wafer. The fabricated
structure includes a transistor that has a gate, a source
region, and a drain region. The gate of the transistor is on the
planar surface aligned with and opposite the depression to
create a channel of the transistor in the portion of the
semiconductor wafer between the planar surface and the
depression, and the source and drain regions of the transistor
are in the portion of the semiconductor wafer between the
planar surface and the peripheral planar region of the oppos-
ing surface. The semiconductor structure also includes a
handle wafer bonded to a surface of the fabricated structure.

DESCRIPTION OF DRAWINGS

FIG. 1 is a flow diagram of an example of a method of
fabricating a bonded semiconductor structure.

FIGS. 2A, 2B, and 2C are diagrammatic views of
examples of semiconductor structures that have etch stop
layers implanted at different respective stages in an example
of a semiconductor structure fabrication process.

FIGS. 3A and 3B are schematic diagrams of simulated
implant ion density as a function of depth for different
semiconductor material layers.

FIG. 4 is a diagrammatic view of an example of a
semiconductor structure.

FIG. 5 is a diagrammatic view of an example of a
semiconductor structure.

FIG. 6 is a diagrammatic view of an example of a bonded
semiconductor structure.

FIGS. 7A, 7B, and 7C are diagrammatic views of an
example of the bonded semiconductor structure after differ-
ent respective processing stages.

FIG. 8 is a diagrammatic view of an example of a bonded
semiconductor structure formed after the different process-
ing stages of FIGS. 7A-7C.

FIG. 9 is a flow diagram of an example of a method of
fabricating a bonded semiconductor structure.

DETAILED DESCRIPTION

In the following description, like reference numbers are
used to identify like elements. Furthermore, the drawings are
intended to illustrate major features of exemplary embodi-
ments in a diagrammatic manner. The drawings are not
intended to depict every feature of actual embodiments nor
relative dimensions of the depicted elements, and are not
drawn to scale.

The examples that are described herein provide bonded
semiconductor device structures and device structure fabri-
cation processes to obviate the need for SOI wafers in many
device fabrication applications. In some examples, an etch
stop layer is formed in situ during fabrication of an active
device structure on a bulk semiconductor wafer. The etch
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stop layer enables the active device structure to be separated
from the bulk semiconductor wafer in a layer transfer
process in which the active device structure is bonded to a
handle wafer. These examples enable the production of
high-performance and low-power semiconductor devices
(e.g., fully or partially depleted channel, or thin channel
transistors) while avoiding the high cost of SOI wafers. In
some examples, the gate masks the etch stop layer implant
in a self-aligned process to create a fully depleted channel
under the gate and deeper implants in the source and drain
regions without requiring a separate masking layer. Some
examples also combine processing stages (e.g., concurrently
annealing the etch stop implant and the source and drain
implants) to achieve additional cost savings.

FIG. 1 shows an example of a method of fabricating a
bonded semiconductor structure. In accordance with this
method, a transistor is built in relation to a top portion of a
semiconductor wafer that includes a substrate (FIG. 1, block
10). In this process, a gate of the transistor is constructed,
source and drain regions of the transistor are formed, and the
source and drain regions of the transistor are annealed. After
the gate is constructed but before an insulator is formed on
the transistor, an etch stop dopant is implanted in the top
portion of the semiconductor wafer to form an etch stop
region below the transistor (FIG. 1, block 14). The insulator
is formed on the transistor (FIG. 1, block 12). After the
insulator is formed on the transistor, a top surface of a handle
wafer is bonded to the semiconductor wafer (FIG. 1, block
16). After the handle wafer is bonded to the top surface of
the semiconductor wafer, a bottom substrate portion of the
semiconductor wafer is removed (FIG. 1, block 18). In this
process, the bottom substrate portion of the semiconductor
wafer is etched to the etch stop region.

Referring to FIGS. 2A-2C, in the method of FIG. 1, the
process of building a transistor 20 on a semiconductor wafer
19 (FIG. 1, block 10) involves (1) constructing a gate 22 of
the transistor 20 (FIG. 2A), (2) forming source and drain
regions 24, 26 of the transistor 20 (FIG. 2B), and (3)
annealing the source and drain regions 24, 26 of the tran-
sistor 20 (FIG. 2C). The semiconductor wafer 19 can be a
bulk semiconductor wafer such as a bulk silicon wafer. In
this process, the gate 22 typically is formed over the top
portion of the semiconductor wafer 19 and the source and
drain regions 24, 26 typically are formed in the top portion
of the semiconductor wafer.

Referring to FIG. 2A, the gate 22 of the transistor 20 is
constructed by forming a thin insulator layer 28 (gate
dielectric) on the semiconductor wafer 19, and forming an
electrical conductor 30 (gate electrode) on the insulator layer
28. In the illustrated examples, the gate 22 also includes a
pair of dielectric spacers 32, 34. In some examples, the
insulator layer 28 is silicon dioxide, the electrical conductor
30 is polysilicon, and the semiconductor wafer 19 is a bulk
silicon substrate.

Referring to FIG. 2B, the source and drain regions 24, 26
are formed by implanting a dopant into the semiconductor
wafer 19. In some examples, a masking layer is deposited on
the semiconductor wafer 19 to define the source and drain
regions 24, 26. During the implantation, implantation of the
source and drain regions 24, 26 occurs through openings in
the masking layer, which otherwise blocks implantation of
the dopant in the gate region and in other regions of the
semiconductor wafer 19. In this process, the dielectric
spacers 32, 34 modulate the implantation to taper the dopant
profiles in the source and drain regions 24, 26 away from the
gate region as a function of depth.
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FIG. 2C shows the semiconductor wafer 19 after the
source and drain regions 24, 26 of the transistor 20 have
been annealed. In some examples, a rapid thermal process is
performed to anneal the source and drain regions 24, 26 and
thereby activate the implanted dopant species. In some
examples, the rapid thermal process includes a thirty-second
anneal at a peak temperature in the range of 600°-1100° C.

Each of the examples shown in FIGS. 2A-2C includes an
etch stop region 36. A variety of different dopants may be
used to form the etch stop region 36. In some examples, the
etch stop dopant includes one or more of germanium,
carbon, boron, nitrogen, argon, oxygen, and silicon. The etch
stop dopant may be implanted (FIG. 1, block 14) at a variety
of different stages in the process of building the transistor
20. In general, the implant region 36 should be formed after
one or more of the high-temperature (e.g., temperatures
above 600° C. thermal processing stages have been com-
pleted and before the insulator layer (e.g., interlayer dielec-
tric layer, such as contact glass) has been formed on the
transistor 20 (FIG. 1, block 12). In this way, significant
diffusion of the etch stop dopant can be avoided to maintain
a sufficient peak dopant concentration at a target depth to
provide a viable etch stop. In some examples, the etch stop
implant is performed towards the end of the front end-of-
the-line (FEOL) portion of the integrated circuit (IC) fabri-
cation process (i.e., the portion of the IC fabrication process
in which the individual devices, such as transistors, capaci-
tors, and resistors, are patterned in the semiconductor).

In the examples shown in FIGS. 2A-2B, the etch stop
dopant 36 is implanted (FIG. 1, block 14) after the gate 22
is constructed but before the source and drain regions 24, 26
of the transistor 20 are annealed. For example, as shown in
FIG. 2A, the etch stop dopant is implanted (FIG. 1, block 14)
after the gate 22 is constructed but before the source and
drain regions 24, 26 of the transistor 20 are formed. In
contrast, the example depicted in FIG. 2B shows the etch
stop dopant is implanted (FIG. 1, block 14) after the source
and drain regions 24, 26 of the transistor 20 are implanted
but before they are annealed. In the example of FIG. 2B, the
source and drain regions 24, 26 of the transistor 20 and the
implanted etch stop region 36 typically are annealed con-
currently.

In the example shown in FIG. 2C, the etch stop dopant is
implanted (FIG. 1, block 14) after the source and drain
regions 24, 26 of the transistor 20 are annealed but before the
insulator (e.g., the interlayer dielectric) is formed (FIG. 1,
block 14). The inventors have found that the etch stop
dopant does not have to be electrically activated (e.g.,
annealed) in order for the etch stop region 36 to work well
as an etch stop.

In the illustrated examples, the etch stop dopant is
implanted after the gate 22 is constructed but before the
insulator is formed on the transistor. In these examples, the
gate masks the implanting to produce a deeper implant in the
source and drain regions of the transistor 20 than in the
channel region under the gate 22 of the transistor 20,
enabling transistors with very thin channels to be created.

In another example, the etch stop dopant is implanted
before the gate 22 is constructed, but after a sacrificial oxide
layer has been formed. Sacrificial oxide layers are often used
as part of the isolation process for the wafer. As a result,
sacrificial oxide layers are formed before the devices, and
their gates, are fabricated. Sacrificial oxide layers are gen-
erally formed at higher temperatures than gate oxides so
conducting the implant after the sacrificial oxide step still
provides the benefit of implanting after a high temperature
step. In addition, if the implant is conducted before the gate



US 9,466,729 B1

5

oxide is formed, potential damage to the gate oxide can be
avoided as there is no need to implant ions through the gate
oxide.

The formation of this beneficial etch stop region topology
is demonstrated by the schematic diagrams of simulated
implant ion density as a function of depth for different
semiconductor materials shown in FIGS. 3A and 3B. In
particular, FIG. 3A shows the ion density depth distribution
for implanting boron into a source/drain area of a silicon
substrate, and FIG. 3B shows the ion density depth distri-
bution for implanting boron into a gate area consisting of a
thin silicon dioxide layer on a silicon substrate. In the
illustrated examples, the ion density ranges for the materials
shown in FIGS. 3A and 3B are 404 nm and 491 nm,
respectively.

FIG. 4 shows the ion density ranges for source/drain and
gate areas mapped to a schematic view of a semiconductor
structure 38 consisting of a source area 40, a gate area 42,
and a drain area 44. As shown in FIG. 4, the ion density
range across the semiconductor structure 38 depicted by the
line 46 (which corresponds to the etch stop region 36 shown
in FIGS. 2A-2C) tracks the surface topology to produce a
deeper implant in the source and drain areas 40, 44 of the
transistor and a shallower implant in the channel region
under the gate area of the transistor.

Referring to FIG. 5, after the transistor 20 has been built
(FIG. 1, block 10), an insulator 48 is formed on the transistor
(FIG. 1, block 12). As mentioned above, the insulator
typically is an interlayer dielectric, such as tetracthyl ortho-
silicate (TEOS), or contact glass. The insulator 48 typically
is part of an interconnect layer 50 that includes vias through
which metal interconnects extend to connect the underlying
active and passive devices to metallization layers and other
on-chip devices and off-chip devices. Additional intercon-
nect layers (not shown) and metallization layers 52, 54 may
be formed on the interconnect layer 50.

Referring to FIG. 6, after the active and passive devices
and structures have been formed on the semiconductor wafer
19, the resulting semiconductor structure 56 may then be
bonded to a top surface 58 of a handle wafer 60 as part of
a process to transfer the top portion of the semiconductor
structure 56 to the handle wafer 60 (FIG. 1, block 16).

The handle wafer 60 typically is a bulk semiconductor
wafer (e.g., a silicon wafer) that may or may not include
additional layers and structures. In some examples, the
handle wafer 60 includes one or more structures (e.g.,
cavities and other structural features) and one or more trap
rich layers (TRLs) that inhibit parasitic surface conduction
in the handle wafer 60 to enhance the RF performance of
devices formed in the semiconductor structure 56. Briefly,
the one or more TRLs reduce nonlinear parasitic capacitance
and parasitic surface conduction in the handle wafer sub-
strate. The one or more structures, on the other hand, further
reduce the impact of non-linear responses in the handle
wafer substrate by reducing the permittivity and increasing
the resistivity between the one or more devices and the
handle wafer substrate to reduce capacitive interactions
between the one or more devices and the handle wafer
substrate. Additional details regarding the structure and
operation of the TRLs and permittivity reducing and resis-
tivity increasing structures are described in U.S. patent
application Ser. No. 14/633,024, filed Feb. 26, 2015, which
is incorporated herein by reference.

The top surface 58 of the handle wafer 60 typically is
bonded to the top portion of the semiconductor structure 56
using wafer bonding or other layer transfer techniques. In
some examples, the handle wafer 60 includes on its top
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surface 58 an exposed bonding layer 62 that is used to bond
the handle wafer 60 to the top surface of the semiconductor
structure 56. The bonding layer 62 may be formed from a
combination of one or more insulator layers and passivation
layers. In some examples, the bonding layer is an oxide layer
that is formed by chemical vapor deposition (CVD) or
thermal oxidation.

After the handle wafer 60 has been bonded to the top
portion of the semiconductor structure 56 (FIG. 1, block 16),
a bottom substrate portion 64 (e.g., the bottom bulk portion)
of the semiconductor wafer 19 is removed to the etch stop
region 36. In some examples, a thinning process (e.g.,
mechanical grinding, mechanical polishing, rapid wet etch,
plasma etch, chemical-mechanical polish, or other wafer
thinning process) is used to thin the bottom substrate portion
64 of the semiconductor wafer 19 is as shown in FIG. 7A.
In other examples, the thinning process can involve a
combination of any of the above thinning processes. In
particular, the bottom substrate portion can be thinned using
a combination of wafer grinding followed by a plasma or
wet etch.

The thinning process is followed by a chemical etching
process that etches the remaining bottom substrate portion
64 of the semiconductor wafer 19 to the etch stop region 36
as shown in FIG. 7B. The type of etching process used will
depend on the composition of the semiconductor wafer 19
and the composition of the etch stop region 36. In general,
the etching process should be highly selective between the
semiconductor wafer 19 and the etch stop region 36. In some
examples, the semiconductor wafer is a bulk silicon wafer
and the etch stop dopant includes one or more of germa-
nium, carbon, nitrogen, argon, oxygen, and boron. In some
of'these examples, TMAH (Tetramethylammonium Hydrox-
ide) is used to etch the bottom portion of the bulk silicon
wafer because it has a high selectivity to doped silicon such
that it etches the undoped silicon substrate and effectively
stops on the doped silicon etch stop region 36.

After the bottom substrate portion of the semiconductor
wafer has been removed up to the etch stop region 36, the
etch stop region 36 is etched to expose a bottom side of the
top portion of the semiconductor wafer 19 as shown in FIG.
7C. The etching of the etch stop region 36 typically is
conducted using a different etchant having a different chem-
istry than the etchant used to etch the bulk semiconductor
wafer 19. In examples in which the semiconductor wafer is
a bulk silicon wafer and the etch stop dopant includes one or
more of germanium, carbon, nitrogen, argon, oxygen, and
boron—HNA (Hydrofluoric acid, Nitric acid, Acetic acid) is
an example of an etchant that could be used to etch the etch
stop region 36 because it etches highly doped silicon and is
selective to lightly doped silicon.

As shown in FIG. 7C, after etching the etch stop region
36, the source and drain regions 24, 26 of the top portion of
the resulting bonded semiconductor structure 78 are thicker
than the gate region 22 of the top portion of the semicon-
ductor wafer 19. This structure 78 enables the beneficial
low-power and high-performance device characteristics
mentioned above.

Referring to FIG. 8, after the etch stop region 36 has been
etched, a passivation layer 70 (e.g., a dielectric layer) is
formed over the exposed bottom side of the top portion of
the semiconductor wafer 19. In addition, contacts 72, 74 for
the transistor 20 are formed on the exposed bottom side of
the top portion of the semiconductor wafer 19. Although not
clearly reflected in the view shown in FIG. 8, the contacts
72, 74 extend down through the structure in a plane that is
outside the conductive path between the source and drain
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regions 24, 26 under the gate 22. As drawn, contacts 72, 74
extend to the interconnect layer of the device and make
contact to a lowest layer of conductive material in that layer.
In some examples, this lowest layer of conductive material
is referred to as “metal 1” to reference the fact that it is the
first layer of metallization in the related process. Alterna-
tively, the contacts 72, 74 could terminate in the source and
drain regions 24, 26. In those situations, the contacts could
be within the same plane as that occupied by the conductive
path between source and drain regions 24, 26 or it could be
outside that plane as mentioned before with regards to
approaches where the contacts extend to the interconnect
layer.

FIG. 9 shows an example of another method of fabricating
the bonded semiconductor structure 78 shown in FIG. 7C. In
accordance with this method, a fabricated structure 56 is
built on a portion of a semiconductor wafer 19 that includes
a substrate (FIG. 9, block 80). The fabricated structure
includes a transistor 20 that has a gate 22, a source region 24,
and a drain region 26. The gate 22 of the transistor 20 is
formed on a surface of the portion of the semiconductor
wafer 19 and the source and drain regions 24, 26 of the
transistor 20 are formed in the portion of the semiconductor
wafer 19. An etch stop dopant is implanted through the gate
22 of the transistor 20 and the surface of the portion of the
semiconductor watfer 19 to form an etch stop region 36 in the
portion of the semiconductor wafer 19 below the transistor
20, where the gate 19 masks the implanting to produce a
deeper implant in the source and drain regions 24, 26 of the
transistor 20 than in a channel region of the transistor 20
(FIG. 9, block 82) (see, e.g., FIGS. 2A-2C). After implanting
the etch stop dopant, an insulator 48 is formed on the
transistor 20 (FIG. 9, block 84) (see, e.g., FIG. 5). After the
insulator 48 is formed, a handle wafer 60 is bonded to the
fabricated structure 56 (FIG. 9, block 86) (see, e.g., FIG. 6).
After the handle wafer 60 is bonded to the fabricated
structure 56, a bottom substrate portion of the semiconduc-
tor wafer 19 is removed (FIG. 9, block 88). The process of
removing the bottom substrate portion includes etching the
bottom substrate portion of the semiconductor wafer 19 to
the etch stop region 36 (see, e.g., FIGS. 7A-7C).

The invention claimed is:

1. A method, comprising:

building a transistor in relation to a top portion of a bulk
semiconductor wafer comprising a substrate, the top
portion including a semiconductor surface, wherein the
building comprises constructing a gate of the transistor
on the semiconductor surface, forming source and drain
regions of the transistor, and annealing the source and
drain regions of the transistor;

forming an insulator on the transistor;

after the gate is constructed but before the insulator is
formed, implanting an etch stop dopant in the top
portion of the semiconductor wafer to form an etch stop
region below the transistor;

after the insulator is formed, bonding a top surface of a
handle wafer to the semiconductor wafer; and

after the bonding, removing a bottom substrate portion of
the semiconductor wafer, wherein the removing com-
prises etching the bottom substrate portion of the
semiconductor wafer to the etch stop region to form a
depression that extends between the source and drain
regions.

2. The method of claim 1, wherein the implanting is

performed before the source and drain regions of the tran-
sistor are annealed.
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3. The method of claim 2, wherein the source and drain
regions of the transistor and the implanted etch stop dopant
are annealed concurrently.

4. The method of claim 1, wherein the implanting is
performed before the source and drain regions of the tran-
sistor are formed.

5. The method of claim 4, wherein:

the gate masks the implanting to produce a deeper implant

in the source and drain regions of the transistor than in
a channel region of the transistor; and

the channel region is below the gate of the transistor and

in the top portion of the semiconductor wafer.

6. The method of claim 5, wherein:

etching the bottom substrate portion of the semiconductor

wafer to the etch stop region forms the depression on
the backside of the top portion of the semiconductor
wafer that is aligned with the channel region of the
transistor.

7. The method of claim 1, wherein the constructing
comprises forming a gate electrode over a gate dielectric.

8. The method of claim 1, further comprising:

before the bonding, electrically interconnecting the tran-

sistor with one or more other devices formed on the
semiconductor wafer.

9. The method of claim 1, further comprising:

after the removing, etching the etch stop region to expose

a bottom side of the top portion of the semiconductor
wafer;

wherein the removing and etching are conducted using a

set of two etchants with different chemistries.

10. The method of claim 9, wherein:

after the etching, the source and drain regions of the top

portion of the semiconductor wafer are thicker than the
gate region of the top portion of the semiconductor
wafer.

11. The method of claim 9, further comprising:

after etching the etch stop region, forming a passivation

layer over the exposed bottom side of the top portion of
the semiconductor wafer.

12. The method of claim 9, further comprising:

after etching the etch stop region, forming contacts for the

transistor on the exposed bottom side of the top portion
of the semiconductor wafer.

13. The method of claim 1, wherein the semiconductor
wafer is a bulk silicon wafer.

14. The method of claim 13, wherein the etch stop dopant
comprises one or more of germanium, carbon, nitrogen,
argon, oxygen, and boron.

15. The method of claim 1, wherein the handle wafer
comprises a trap rich layer.

16. A method, comprising:

on a portion of a bulk semiconductor wafer comprising a

substrate including a semiconductor surface, building a
fabricated structure comprising a transistor that com-
prises a gate, a source region, and a drain region,
wherein the gate of the transistor is formed on the
semiconductor surface of the portion of the semicon-
ductor wafer and the source and drain regions of the
transistor are formed in the portion of the semiconduc-
tor wafer;

implanting an etch stop dopant through the gate of the

transistor and the semiconductor surface of the portion
of the semiconductor wafer to form an etch stop region
in the portion of the semiconductor wafer below the
transistor, wherein the gate masks the implanting to
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produce a deeper implant in the source and drain
regions of the transistor than in a channel region of the
transistor;

after the implanting, forming an insulator on the transis-

tor;

after the insulator is formed, bonding a handle wafer to

the fabricated structure; and

after the bonding, removing a bottom substrate portion of

the semiconductor wafer, wherein the removing com-
prises etching the bottom substrate portion of the
semiconductor wafer to the etch stop region to form a
depression that extends between the source region and
the drain region.

17. The method of claim 16, wherein the building com-
prises doping portions of the semiconductor wafer corre-
sponding to the source and drain regions of the transistor,
and the implanting is performed before the doping.

18. The method of claim 17, further comprising concur-
rently annealing the doped portions of the semiconductor
wafer and the implanted etch stop dopant.
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19. The method of claim 16, wherein the building com-
prises doping portions of the semiconductor wafer corre-
sponding to the source and drain regions of the transistor,
annealing the doped portions of the semiconductor wafer,
and the implanting is performed before the source and drain
regions of the transistor are annealed.

20. The method of claim 16, further comprising:

after the removing, etching the etch stop region to expose

a surface of the portion of the semiconductor wafer
having a peripheral planar region surrounding a depres-
sion.

21. The method of claim 1, wherein forming the source
and drain regions comprises modulating implanting of
respective source and drain dopants such that profiles of the
source and drain regions taper in opposite directions away
from the gate region.

22. The method of claim 1, wherein an ion density range
associated with the gate and the source and drain regions of
the transistor corresponds in shape with the etch stop region.
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